Ureaplasmas were isolated from the oropharynx of all of 22 male and 19 female adult marmosets and from the genital tract of about a quarter of them. These ureaplasmas seem to be natural inhabitants of the oropharynx and not of human origin because half the animals had had very limited human contact and preliminary serological tests indicate that the organisms are not the same as the known human serotypes. 11 babies born in captivity were found to have oropharyngeal organisms usually within 24 h of birth and the oropharynx of the parents was thought to be the most likely source. The marmoset may be a useful model for studying the role of ureaplasmas in human disease.
Mycoplasmas
have been isolated from several subhuman primate species. The first was isolated by Taylor-Robinson, Somerson, Turner &Chanock (1963) from the oral cavity of an African green monkey (Cercopithecus aethiops pygerythrus). Subsequently, Davidson & Thomas (1968) , in a preliminary report, indicated that mycoplasmas were harboured by a wide range of primate species. Since then, these organisms have been isolated from oral and genital tissues of green monkeys (DelGiudice, Carski, Barile, Yamashiroya & Verna, 1969) , from rhesus monkeys, Macaca mulatta (Cole, Ward, Golightly-Rowland & Graham, 1970; Madden et al., 1970) , from gorillas (Brown, Clark, Bailey & Gray, 1970; Cole et al., 1970) , from chimpanzees (Cole et al., 1970; Hutchison, Pinkerton & Kalter, 1970) , from orang-utans (Cole et al., 1970) and from baboons (Hutchison et al., 1970) . Most of these mycoplasmas have been identified as species that were originally recovered from man (Martinez-Lahoz, Kalter, Pinkerton & Hayflick, 1970; Barile & DelGiudice, 1972; Barile, 1973) . Ureaplasmas, formerly called T-mycoplasmas, are so named because of their unique ability to metabolize urea (Shepard et al., 1974) . They were first recognized in man (Shepard, 1954) and were then isolated from a variety of other animals (Taylor-Robinson & Furr, 1973) although there have been few attempts to FURR, TAYLOR-ROBINSON AND HETHERINGTON isolate them from subhuman primates. However, ureaplasmas have been isolated from the oral cavity of squirrel monkeys (Taylor-Robinson, Martin-Bourgon, Watanabe & Addey, 1971 ) and fr0111 the genital tracts of talapoin, patas and macaque monkeys (Kundsin, Rowell, Shepard, Parreno & Lunceford, 1975) , and also from chimpanzees (Brown, Jacobs, Arum & Arko, 1976) . In a survey of marmosets (Cal/ithrix jacchus) we have isolated ureaplasmas and in this report we present details of the frequency of their occurrence and discuss the manner in which they may spread within a colony of these monkeys.
MATERIALS AND METHODS

Maintenance of marmosets
The marmosets were kept in quarantine, some for as long as 15 months, before being transferred to a breeding area. The air in this room was maintained at 25·5-26·5°C and 50-60% relative humidity and was changed 10-.12 times per hour. Each pair of marmosets was housed in a cage 70 X 45 X 50 cm with an external nest box 30 X 12 X 15 cm. The animals were fed on a cubed food ('New World Monkey Diet'; BP Nutrition (U. K.) Ltd, Stepfield, Witham, Essex, CM8 3AB) and fresh fruit.
Media
Liquid medium for the isolation and growth of ureaplasmas has been described before (Taylor-Robinson et al., ]97]). In brief, it consisted of PPLO broth (70 ml), yeast extract (10 mt) and horse serum (20 ml), 0·] % urea and 0·002 % phenol red. Penicillin (1000 i.u./m!) and thallium acetate (1 in 4000 w;'v) were added as bacterial inhibitors. The same medium with the urea replaced by 0·1 % arginine or 0·] % glucose was used for some tests. Solid medium was produced by omitting the urea and adding 1 % Ionagar No.2 and 0·05 M HEPES buffer; the pH was adjusted to 6,0.
Isolation of ureaplasmas
Various anatomical sites were sampled with naso-pharyngeal calcium alginate swabs (Wilson Diagnostics Inc, Glenwood, lIIinois 60425, U.S.A.).
These were expressed in ],8 ml amounts of liquid medium contained in screw-capped glass vials of 2·0 ml capacity.
The growth of ureaplasmas was observed as a colour change of the medium from yellow to magenta occurring on incubation at 37°C. An estimate of the number of viable organisms present in a specimen was made by making serial lO-fold dilutions in the medium.
The highest dilution that produced a colour change contained one colour-changing unit (ccu) of activity.
When a colour change occurred, 0·] ml of the culture was inoculated on solid medium; after incubation at 37°C for 1-2 days the medium was examined microscopically for ureaplasma colonies.
Other tests
The ability to revert to bacterial colonies was tested by passing 2 freshly isolated strains 5 times on antibiotic-free medium.
The same 2 strains were cloned as follows: colonies were picked and inoculated into liquid medium which was incubated until a colour change occurred; the liquid culture was then passed through Millipore filters of graded average pore diameter (apd) and the filtrates diluted and inoculated on to agar medium for development of colonies. This procedure was repeated 3 times. The cloned strains were tested for their ability to grow in medium without serum and they were also tested by a microtechnique (Taylor-Robinson, 1967) for their sensitivity to penicillin, thallium acetate, erythromycin and tetracycline.
A liquid culture of one of the strains was centrifuged at 20 000 g and the deposit was fixed in glutaraldehyde, sectioned, stained with uranyl acetate and examined by electron microscopy.
RESULTS
Isolation of ureaplasmas from various anatomical sites of adult marmosets
22 male and 19 female adult marmosets were examined from July 1974 onwards. 21 of the animals, I0 male and II female, were swabbed within 3 days of arrival from their native habitat, while the others had been in quarantine for as long as 15 months before they were examined.
Ureaplasmas were isolated from the throats of all of them, the numbers of organisms in specimens ranging from 10 1 to >10 6 ccu/ml. Ureaplasmas were isolated from the prepuce of6 animals (27,3%) and from the vagina of 5 (26,3%). Fewer organisms were present in genital tract specimens than in those taken from the throat, the numbers ranging from 10 1 to 10 4 ccu/ml.
Isolation of ureaplasmas from marmoset families
Attempts were made to isolate ureaplasmas from 6 marmoset families after birth of the babies (Table I) . The results obtained for a family in which there was only I baby are not presented in the Table since they were almost identical to those of family C. The other mothers produced twins which were swabbed within 24 h of birth and then at various times thereafter.
As indicated previously, ureaplasma organisms were isolated, often in large numbers, from the throats of all the parents but infrequently or irregularly from the prepuce and vagina.
Of the II babies studied, ureaplasmas were isolated from the throats of 8 of them within 24 h of birth and isolations were made from the throats of the others within a week. The organisms were present in numbers equal to or greater than in the throats of the parents and they were still present in the throat of one baby 100 days after birth. Table 1 . Isolation of ureaplasmas from 5 marmoset families after birth of the babies.
Ureaplasmas were not isolated on day 3 from the teat of the mother of family B. 
Some properties of the organisms isolated
Characteristically the organisms hydrolysed urea, as indicated by an alkaline shift in pH of liquid medium, but they did not metabolise arginine or glucose. Colour changes in liquid medium and colonies on agar developed rapidly, that is within 24 h of incubation.
Freshly isolated organisms, one from the prepuce and the other from the vagina of adult marmosets, were passed successively 5 times on agar medium without antibiotics but there was no reversion to a bacterial form. These isolates after cloning failed to multiply in serum-free medium. The same isolates always passed through Millipore filters of 450 nm apd, sometimes through filters of 330 nm apd but never through filters of 220 nm apd. The growth of one of the cloned strains was inhibited by 0·06 J.lgfml of oxytetracycline and by 0·02 J.lgfml of erythromycin.
The other strain was inhibited by 0·004 J.lgfml of oxytetracycline and erythromycin. Both strains were inhibited by 150 J.lgfml of thallium acetate but neither strain was inhibited by ]2500 i.u.Jml of penicillin.
Electron microscopy examination showed that the ureaplasma organisms were oval in shape and were bounded by a characteristic triple-layered membrane.
DISCUSSION
The properties of the organisms isolated from the marmosets clearly indicate that they are ureaplasmas, even though we have not examined all possible features in detail.
Several observations strongly suggest that these ureaplasmas are not of human origin. Thus, they were isolated in large numbers from the oropharynx of all the animals, including those that had had limited human contact.
Furthermore, ureaplasmas occur infrequently in the human oropharynx and preliminary serological tests suggest that the marmoset ureaplasmas are not related to the 8 established human serotypes mentioned by Shepard et al. (1974) . Further study will be required to determine whether the ureaplasmas isolated from marmosets are unique to them or are related in any way to those isolated from other animal species.
It would have been valuable to examine infants at birth to help to establish the manner in which they became infected.
This was not easy because most marmosets gave birth during the night. However, all infants were examined within 24 h of birth when most of them were found to have ureaplasmas in the oropharynx.
The possibility that they acquired them from the genital tract of the mother during delivery is not supported by the failure to isolate urea plasmas from the vagina of 3 of the 6 mothers.
It could be argued that the genital tract of all mothers was infected and that the failure to isolate was due to a poor swabbing technique.
However, this is most unlikely because it is relatively easy to swab the vagina.
Another possibility is that passage to the baby occurred through the milk, but we failed to isolate ureaplasmas from the teat of one of the mothers.
The observation that in one family ureaplasmas were not isolated from the vagina of the mother, nor from the mouth of the baby in the first few days, suggests that their later occurrence in the oropharynx of the baby was due to transmission from the oropharynx of the parents. This is a likely explanation in all cases, since babies were caged with their parents, all of which had large numbers of oropharyngeal organisms. Coid & Bowen (1975) have shown that in the case of macaque monkeys, oral bacteria are very readily transmitted from mother to offspring and more readily than from one mature animal to another.
All of the squirrel monkeys that we previously examined (Taylor-Robinson ef al., 1971) had ureaplasmas in their throats.
This was true in the case of the marmosets although the organisms occurred far less frequently in the genital tract of these animals.
In man the situation is reversed, the organisms occurring chiefly in the urogenital tract and, as mentioned previously, occasionally in the oropharynx (Shepard et al., 1974) . The evidence that ureaplasmas cause urogenital disease in man is conflicting (Taylor-Robinson, 1976) . We have had no opportunity to look at the question of whether they cause disease in the marmoset but their occurrence in the throats of all marmosets suggests that they are natural inhabitants there.
Since the marmoset is small and easily bred in captivity, it could provide a useful model for studying the role of ureaplasmas in human diseases such as urethritis and reproductive failure.
